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Doctors can watch a movie of the beating of a patient's 
diseased heart--identifying dead spots or scar tissue in the 
heart wall, aneurysms (bubble-like projections of the heart 
muscle), and other malfunctions--with a computer method de- 
vised by a National Aeronautics and Space Administration- 
Stanford University team. 
The system, which is still under development, would 
improve on current complex diagnostic methods by providing a 
simple means of viewing the heart in action. Figuratively, it 
allows doctors to "walk around" the isolated beating heart, 
viewing it from any desired angle. They also can stop the display 
at any desired point of heart expansion or contraction and can 
play the picture back and forth for many cycles. 
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The sys t em p r o j e c t s  a t h r e e - d i m e n s i o n a l  an ima ted  ear toor i -  
l i k e  image o f  any d e s i r e d  chamber of  t h e  p a t i e n t P s  heart, i n  
l i n e s  o f  l i g h t  an a computer  d - i s p l a y  s c r e e n ,  s i m i l a r  t o  a t e l e -  
v i s i o n  s c r e e n .  The d i s p l a y  i s  d e r i v e d  from two-dimensio~:al "X- 
r a y  movies"  made by i n j e c t i n g  X-ray c o n t r a s t  dye i n t o  t h e  des i rzd i  
h e a r t  chamber.  
S c i e n t i s t s  and d o c t o r s  f rom NASA-Ames Resea rch  C e r t z r ,  
Mountain Viev~ ,  C A ,  and t h e  C a r d i o l o g y  D i v i s i o n  of  S ta i l ford  
U n i v e r s i t y  N e d i c a l  C e n t e r ,  P a l o  A l t o ,  C A ,  have worked t o g - t h e r  
on t h e  s y s t e m .  
It a p p e a r s  t h a t  t h e  method may be a  ma jo r  advance  f 1i7 
t h e  p h y s i c i a n  t o  d e t e r m i n e  t h e  p a t i e n t ' s  need  f o r  h e a r t  
s u r g e r y ,  c o r o n a r y  a r t e r y  g r a f t s ,  and t r e a t m e n t  o f  v a r i o d s  I1ex-t 
c o n d i t i o n s .  Hear t  d i s e a s e  i s  t h e  l e a d i n g  c a u s e  o f  d e a t h  i n  t cF  
U n i t e d  S t a t e s .  
The sys tem" an ima ted  d i s p l a y  i s  e x a c t  enough t o  s - J A  
dead s e c t i o n s  of  t h e  h e a r t  w a l l  abou t  t h e  s i z e  o f  a r i i c ~ e :  Ctblic 
c e n t i m e t e r s )  d e t a i l s  o f  l a r g e  m a l f u n c t i o n s ,  and h o l e s  b e t d c e e n  
h e a r t  chambers .  Combined w i t h  s t a n d a r d  c l i n i c a l  measure rnen t~  
o f  b lood-f low p e r  h e a r t  b e a t ,  i t  can  measure  i n e f ' f i c l e 2 ~  pumping 
by h e a r t  chambers .  It w i l l  a l s o  h e l p  t o  i d e n t i f y  l e a k y  valves 
and shows t h e  s e v e r i t y  o f  v a l v e  damage, 
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This  system w i l l  a l low f u r t h e r  v a l i d a t i o n  of a sonar-Like 
sys tem f o r  t e s t i n g  h e a r t  f u n c t i o n  which i s  a l s o  under deveiop-  
merit by t h i s  group of s c i e n t i s t s ,  These sona r  systems would 
a l l o w  examinat ion of t h e  h e a l t h y  h e a r t s  of  a s t r o n a u t s ,  p i l o t s  
and o r d i n a r y  c i t i z e n s ,  u s i n g  a  s imple  s enso r  p l aced  on t h e  shest, 
"The Ames animated d i s p l a y  system seerns t o  be an Important 
advance i n  t h e  d i a g n o s t i c  t o o l s  f o r  s t udy ing  h e a r t  d i s e a s e s "  
said. D r .  Donald C .  Har r i son ,  ch i e f  of t h e  D iv i s ion  of Medica l  
Cardiology a t  S t an fo rd  Medical  Cente r ,  which i s  doing :he clinical 
work on t h e  p r o j e c t ,  
"While X-ray examinat ions  of h e a r t s  a s  t hey  bea t  are 
c u r r e n t l y  i n  use , "  s a i d  Ames ? Dr, Harold Sand le r ,  o r l g l ~ a t o u  
of  t h e  system, "X-rays a r e  two-dimensional and hard  *GO i n t e r p r e t  
because  o f  t h e  v a r i o u s  o t h e r  body l s t r u c t i ~ r e s  i n  t h e  sa.n:e 2 i c t u r e . "  
The v a l u e  of t h e  method f o r  doctorls  i s  t h a t  ft c i  irninates 
a l l  i r r e l e v a i ? t  d e t a i l s .  F o r  example, i t  ca.n show t h e  complete 
i n t e r i o r  s u r f a c e  of t h e  beaJcc:ing l e f t  v e r l t r f c l e  ( t h e  I-zearvt % s!r!ai!a 
pump) on t h e  l i g h t e d  d i s p l a y  s c r e e n  and no th ing  e l s e ,  The 
system can do t h e  same wi th  t h e  right v e n t r i c l e  and the 1;wo 
a u r i c l e s  ( i n t a k e  pumps). 
Since the animated displays are a form of computer readout, 
they can be transmitted to doctors at distant locations by an 
ordinary telephone line, and recreated on a computer d i s ~ ~ l d y  
screen. 
The displays are derived from X-ray movies, plus a 2cmputer 
program based on intensive research in heart configurat~~iri d.iil(-3 
dimensions, plus new three-dimensional computer display LLJI-  
niques. Daryl Rasmussen, Ames Research engineer, developea the 
mathematical and computer techniques, using data gathered by 
Dr. Sandler during six years of work at Ames on heart cjlamber 
dimensions and means of measuring them. 
Doctors first take the X-ray movie, known as an angicgr-21, 
To do this, they inject a dye opaque to X-rays througl? -L c,,,li, ,er 
into the patient's heart. The X-rays then outline the s ~ l e c ~ c d  
heart chamber in cross section as it expands and colitril,:~:, 
Stanford cardiologists working under Dr. Harrlsor-~~ s c ~ ;  tion 
take two sets of X-ray movies at right angles to each Q L : ~  , ~t 
60 frames (pictures) per second. 
Obtaining the X-rays may be difficult since i n j , ? c  I / ' 
the angiographic dye itself changes the function of the heart 
and makes only the data from two heart beats acceptable for aria- 
lysis. However, the researchers use a variety of independent 
measurements to make sure the two beats used are exactly typical. 
Validation of the technique by other independent means is now 
being accomplished. 
-more- 
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From t h e  two X-ray movies, t h e  compuJ;er c o n s t r u c t s  t h e  
animated d i s p l a y .  The e n t i r e  sequence of movie f rames,  each 
one con ta in ing  t h e  h e a r t  chamber o u t l i n e ,  i s  t r a c e d  on a computer 
i n p u t  s c r een ,  and i s  r e t a i n e d  i n  t h e  computer memory, The 
computer program t h e n  mathemat ica l ly  p r o j e c t s  t h e  two views of 
t h e  h e a r t  chamber back i n t o  space .  From t h e s e  i t  r e c o n s t r u c t s  
t h e  chamber. Th is  three-dimensional  c o n s t r u c t i o n  i s  a l s o  stored 
i n  t h e  computer memory f o r  a n a l y s i s  and d i s p l a y .  
The technique  a l lows  t h e  computer t o  c a l c u l a t e  t h e  
changing p o s i t i o n s  o f  t h e  e n t i r e  i n t e r i o r  s u r f a c e  of The h e a r t  
chamber i n  q u e s t i o n ,  s o  t h e  moving h e a r t  chamber can b e  seen from 
any p o i n t .  
The computer program i s  based on s t u d i e s  of  t h e  exac t  
p r o p o r t i o n s  o f  hundreds of  normal and abnormal human h e a r t s  
g a t h e r e d  by D r .  Sand le r  from - a u t o p s i e s ,  and s t u d i e s  of patients 
w i t h  h e a r t  d i s e a s e s  of  v a r i o u s  t y p e s .  
The two s t o r e d  b e a t s  a r e  r e p e a t e d  over  and over by t h e  
computer,  a l lowing  d o c t o r s  t o  s tudy  t h e  h e a r t  i n  a c t i o n  for any 
d e s i r e d  p e r i o d  o f  t ime .  
